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| INTRODUCTION
Hepatocellular carcinoma (HCC) ranks as the fifth most common cancer and is the second leading cause for all cancer-related deaths worldwide. 1 The highest HCC incidence occurs mainly in the Asia-Pacific region. The HCC burden in China accounts for nearly half of all HCC cases and deaths in the world. 2, 3 Hepatitis B virus (HBV) infection is one of the most important risk factors for HCC and is responsible for approximately 80% of virus-associated HCC cases in China. 4 HBV infection contributes to carcinogenesis, cancer recurrence, and poor long-term survival in HBV-related HCC. [5] [6] [7] In theory, patients with HCC may receive surgical resection, liver transplantation, or tumor ablation as curative therapies. However, these three treatment options all have limitations as follows: only 5%-10% of patients with HCC are eligible for hepatectomy, as the majority of cases of HCC are diagnosed at the intermediate and advanced stage; Liver transplantation is limited by a severe shortage of donor livers and a high level of perioperative morbidity and mortality; Local tumor ablation is only effective in cases where the tumor size is <5 cm. 8 Transarterial chemoembolization (TACE) is currently an advised first-line treatment for patients who have unresectable, large/multifocal HCCs that are not concurrent with vascular invasion or extrahepatic metastasis. This procedure aims to deliver chemotherapeutic agents with mixed lipiodol to the cancer lesions through tumor-feeding arteries with limited cytotoxic effects on the surrounding liver parenchyma. 2, 9, 10 Clinical data suggest that the overall survival (OS) is extended in selected patients with HCC following TACE. [11] [12] [13] At early observation, the median survival time (MST) among patients with HCC who are initially treated with TACE was around 20 months. 14 Currently, improved patient selection methods and optimization of the procedure have extended the median survival to 30-40 months. 15, 16 However, clinical characterization of long-term survivors remains uncertain.
In the present study, we assessed the key factors that are associated with a survival period of 3 years among the patients with hepatitis B-related HCC initially treated with TACE.
| PATIENTS AND METHODS

| Patients and inclusion criteria
The clinical data of 1370 patients initially diagnosed with HCC and consecutively received TACE in our cancer center between December 2010 and May 2015 were retrieved and retrospectively assessed. This study protocol was approved by the Institutional Review Board for ethics at our cancer center.
The included patients were stratified into two groups based on the survival time: short-term (died within 3 years) and longterm (survived > 3 years). Short-and long-term survival was also analyzed in a subset of patients who received additional resection and/or ablation after TACE. The results from this subset of patients were compared to the patients who did not receive additional resection and/or ablation.
Baseline laboratory evaluation was performed within 1 week before TACE. These evaluations included serum liver biochemistry (alanine aminotransferase [ALT], aspartate aminotransferase [AST], total bilirubin [TBIL], and albumin [ALB]) tests, α-fetoprotein (AFP) levels, creatinine levels, prothrombin time (PT), activated partial thromboplastin time (APTT), HBV serology tests of HBsAg, hepatitis B surface antibody, hepatitis B core antibody, hepatitis B e antigen, hepatitis B e antibody, and HBV DNA quantification. The baseline height and body weight of each patient were measured before TACE. The body mass index (BMI) was calculated by dividing the weight (kg) by the height (m) squared, and it is divided into subgroups using the WHO criteria set for the Asian population. 17 Diagnosis of HCC followed the criteria recommended by the European Association for the Study of the Liver (EASL). Tumor characteristics and Barcelona Clinic Liver Cancer (BCLC) stage were determined using imaging findings and/or the intraoperative observation. The inclusion criteria were as follows: patients with HCC were included if they were found to be HBV-positive (HBV surface antigen [HBsAg]-positive or detectable HBV DNA), have Child-Pugh class A or B liver disease, BCLC B or C stage, and were initially treated with TACE. The exclusion criteria were as follows: patients were excluded in the case of other concurrent malignancy or nonmalignant severe illness, Child-Pugh grade C liver function, any prior HCC treatment and lost to follow-up within 3 years. A total of 1046 patients were included in the final analysis ( Figure 1 ).
| Treatments
| TACE procedure
TACE followed the procedure that has been described previously. 18, 19 Briefly, once the catheter tip was advanced to the tumor-feeding arteries, the radiologist slowly injected one or several chemotherapeutic agents mixed with lipiodol.
If the blood flow in the chemoembolized artery net was not blocked, gelatin sponge particles were injected to make sure there was a complete blockage. The selection of anticancer agents and the combinations were individualized for each patient. Our results suggest that the difference in the combinations of anticancer agents that were used was not associated with the long-term survival (Table S1 ).
| Subsequent treatments
After the initial TACE, the patients were monitored and additional treatments, including repeated TACE, local ablation, hepatectomy, or sorafenib treatment, were performed if they were deemed necessary on a case-by-case basis. The additional treatment options were selected based on the tumor burden, liver function, and the patient's preference. Specifically, hepatic resection was performed on patients whose tumor had shrank and a gross residual lesion could potentially be resected. Local ablation (including radiofrequency ablation and microwave ablation) was offered to patients whose residual lesion was ≤3.0 cm in cases where the procedure could potentially eliminate all gross lesions detected radiologically, usually when embolization was technically inaccessible. Repeated TACE at 6-8 weeks intervals was offered to patients whose residual tumor enhancement and residual tumor vascularity could be seen on CT imaging or hepatic artery angiographs without contraindications to a new round TACE. Contraindications to repeated TACE include: (a) an Eastern Collaborative Oncology Group (ECOG) score >2; (b) deterioration of liver function to Child-Pugh C; (c) severe extrahepatic disease; (d) portal vein tumor thrombus with complete vessel obstruction; (e) technically inaccessible embolization (exclusive supply of the residual tumors by extrahepatic collateral arteries, the catheter was not able to reach the target hepatic artery, or obstruction of the tumor-feeding artery); and (f) refusal to participate in subsequent TACE procedures. For patients with tumor progression without contraindications to TACE, a new round TACE combined with sorafenib treatment was recommended. In cases where there was no indication of subsequent treatment requirements, sorafenib application was recommended. Conservative treatments were applied to patients with terminal HCC or an ECOG score >2. 20 The last follow-up date was 28 June 2018.
| Antivirus treatment
In this study, antivirals (lamivudine, adefovir dipivoxil, telbivudine, entecavir, or interferon) were advised for eligible patients with HCC according to the clinical practice guidelines of chronic hepatitis B by the EASL. 21 However, patients ultimately made their own decision on antiviral treatment. The serum HBV DNA level of each patient was regularly monitored every 3-6 months.
| Statistical analysis
Demographic data were collected from the included patients. Categorial data were assessed using the Chi-squared test and Fisher's exact test. Multivariate analysis was performed using logistic regression to identify the possible independent factors associated with the 3-year survival. OS was calculated using the Kaplan-Meier method. The Cox proportional hazards model was used for the univariate survival analysis to determine the association between the individual clinical variables and the OS. All variables with P < 0.1 after univariate analysis were subsequently subjected to multivariate Cox regression to determine the hazards ratios and the independence of effects. The starting date for OS calculation was the date of TACE treatment and the last date was either the date of death or the date of the last follow-up. All statistical tests were two-sided. All statistical tests were performed using SPSS 21.0 (SPSS, Inc, Chicago, IL, USA).
| RESULTS
Among the 1370 patients who were initially screened, 1046 of them met the inclusion criteria. The median follow-up time for those alive was 56.4 months (95% CI, 52.5-60.3 months). In this cohort, the MST was 10.3 months (95% CI, 9.6-11.4 months), and the 3-year survival rate was 17.9% ( Figure 2 ). Significant differences were observed in the BMI, AST, ALB, TBIL, PT, APTT, and AFP levels, the antiviral therapy, tumor size, vascular invasion, metastasis, and BCLC Stages between the short-and long-term survival groups (Table 1) . Multivariate analysis (logistic regression model), as shown in Table 1 , revealed that there were several independent factors associated with the 3-year survival, including a higher BMI (OR 1.512, P = 0.022), lower AST (OR 1.720, P = 0.017), shorter APTT (OR 4.327, P = 0.008), lower AFP (OR 2.052, P < 0.001), antivirus treatment (OR 2.058, P < 0.001), smaller tumor size (OR 2.041, P < 0.001), a solitary tumor (OR 1.958, P < 0.001), and the absence of vascular invasion (OR 3.602, P < 0.001). Kaplan-Meier analysis and univariate and multivariate analyses (Cox's proportional hazards model) were performed to verify the association between these factors and the OS. Kaplan-Meier analysis demonstrated that the aforementioned factors were relevant to the OS in HBV-related HCC patients (Figure 3 ). Univariate and multivariate analyses (Cox's proportional hazards model) revealed that these factors independently contributed to the prognosis of HBV-related HCC patients (Table 2) . However, distant metastasis did not negatively impact the long-term survival.
The percentage of patients who reached a 3-year survival time was significantly higher in the group that received addon treatment of resection and/or ablation after TACE than in the patients who did not (Table 3 ). The survival time was longer in the patients with additional resection and/or ablation (n = 245) after TACE than those who did not (n = 801). The MST of the patients without additional resection and/or ablation after TACE was 7.8 months (95% CI, 7.1-8.5 months; Figure 4 ), and only 7.6% of these 801 patients who did not receive additional resection and/or ablation reached a survival period of 3 years. Independent factors that were associated with a 3-year survival time as shown by multivariate analysis (logistic regression model) (Table 4 ) included a lower AST (OR 1.944, P = 0.033), lower AFP (OR 3.404, P < 0.001), smaller tumor size (OR 2.417, P = 0.005), solitary tumor (OR 2.131, P = 0.014), and the absence of vascular invasion (OR 2.271, P = 0.021).
Among the 245 patients with HCC who received addon resection and/or ablation after TACE, the MST was 37.1 months (95% CI, 31.1-43.1 months) and the 3-year survival rate reached 51.4% (Figure 4) . The multivariate analysis (logistic regression model) indicated that the absence of vascular invasion was the only factor that was associated with a 3-year survival time (Table 5 ).
| DISCUSSION
Our analysis shows that the achievement of 3-year survival time in patients with hepatitis B-related HCC initially treated with TACE was associated with a higher BMI, lower AST, shorter APTT, lower AFP, antivirus treatment, smaller tumor size, solitary tumor, and the absence of vascular invasion. Surprisingly, distant metastasis did not negatively impact the 3-year survival in this cohort. The absence of vascular invasion was the only factor that was associated with long-term survival among the patients with add-on resection and/or ablation after TACE.
A previous study characterized the factors that were associated with long-term survival among patients with HCC who underwent partial hepatectomy. 22 In fact, radical resection can only be applied to a small portion of patients with HCC, while TACE can be performed in a larger proportion of patients with HCC. In previous studies concerning the prognosis of HCC treated with resection, "10 years" is commonly considered as the appropriate cutoff value indicating the long-term survival. [23] [24] [25] [26] However, as to unresectable HCC patients initially treated with TACE, there is no definite consensus on the appropriate cutoff value to define their "long-term survival." As a reference, the 10-year survival rate of patients undergoing hepatectomy ranges from 15% to 20%, [23] [24] [25] [26] comparable to 17.9%-the 3-year survival rate of patients with unresectable HCC in our current study. In addition, the cutoff value is not recommended to dispose beyond the outer 10% of the continuous covariate distribution, namely, years survival rate below 10% in this study, avoiding small numbers in one of the groups following dichotomization, and the substantial losses in statistical power. 27, 28 In the current study, the 4-and 5-year survival rates of patients were 9.9% and 5.4%, respectively, neither statistically appropriate for the cutoff value. Moreover, although not explicitly stated, a 3-year survival time is usually defaulted to be an important watershed for the prognosis of unresectable HCC patients treated with TACE. And, many previous studies utilized "3 year" as an important time point to report the accordingly survival rate in HCC patients treated with TACE. [29] [30] [31] [32] [33] [34] [35] Therefore, based on the previous studies and data in the current study, we considered "3 years" as a reasonable (clinically, statistically, and empirically) cutoff value indicating the long-term survival in HCC patients undergoing TACE. To our best knowledge, our current study represents the first study that identifies the clinical characteristics associated with long-term survival (using 3-year survival as a cutoff value) in patients with unresectable HBV-related HCC (HCC of BCLC stage B or C) treated with TACE.
Our results suggest that a higher BMI may be a favorable factor for long-term survival. Obesity, with metabolic syndrome, may trigger the development of hepatic steatosis, fibrosis, or cirrhosis leading to HCC. [36] [37] [38] However, the relationship between BMI and the prognosis of patients with HCC remains controversial. Some studies including our current study suggested that overweight is associated with a long OS in patients with HCC, 39 while other studies reported that overweight had either no effect or even a negative effect on patients' OS. [40] [41] [42] [43] Recently, Tachi et al demonstrated that lower BMI was associated with severe skeletal muscle volume loss and skeletal muscle fat deposition in patients with chronic liver disease who developed HCC. 44, 45 It may explain why lower BMI was identified as an independent factor impeding long-term survival of patients with HBV-related HCC in our current study. Understandably, patients with HCC who have a low BMI may not have sufficient nutritional and physiologic reserve to afford huge energy consumption that results from the overgrowth of cancer cells, 46, 47 or they may have experienced more frequent treatment interruptions due to health deterioration, 48 leading to a relatively short survival time.
In this cohort, antiviral treatment appeared to aid the achievement of a long-term survival. Previous studies have indicated that antiviral treatment increases the disease-free survival and OS in patients with HCC treated with TACE or resection. 20,49-51 A high serum HBV DNA level has been identified as a risk factor for poor prognosis. 52 In this study, antiviral treatment appeared to suppress HBV replication, mitigate liver injury, and slow down the progression of liver disease (Table S2) , supporting the findings of previous studies. 53, 54 Thus, antiviral treatment relieves the HBV 
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infection/replication-imposed burden on the HCC lesioned liver and helps to achieve long-term survival.
However, distant metastasis, a major component in malignant tumor (TNM) staging system, was not independently associated with the short-term survival in this cohort. Statistically, over 60% of patients with HCC died of liver failure, caused by the progressive intrahepatic lesions, as opposed to 20% of Stage IV patients with HCC who died from respiratory failure caused by metastatic lesions. 55 These findings might explain why distant metastasis may function as a conditional factor that could negatively impact the long-term survival in patients with HCC. An intensified treatment of intrahepatic lesions could be more critical for Stage IV HCC. Thus, we cautiously suggest that distant metastasis might not be an absolute contraindication to TACE. Consistent with previously studies, our analysis demonstrates that an add-on resection or ablation after initial TACE significantly extended the survival time and increased the percentage of patients who reached a 3-year survival time. [56] [57] [58] [59] This suggests that add-on resection/ ablation works synergistically with TACE. TACE reduces or stabilizes the size of large HCCs and induces ischemia and inflammatory edema in tumor tissues, which provide favorable conditions for the success of add-on resection or ablation treatment. In addition, the add-on resection or ablation removes or necrotizes hypovascular HCC lesions that are refractory to cytotoxicity by TACE delivered chemicals. 57, 58 In further analysis, vascular invasion was the only risk factor that compromised the long-term survival in patients who received the add-on resection and/or ablation after TACE. This finding reveals that the efficacy of the add-on resection and/ or ablation is effective in eliminating almost all of the factors that are required to achieve the 3-year survival in the group without resection and/or ablation after TACE. The add-on resection and/or ablation significantly reduced the uncertainty of the HCC outcome and was only impacted by the vascular invasion. We strongly recommend the add-on resection and/or ablation after TACE whenever the patient is eligible. 48, 50, 60, 61 A limitation of this retrospective study is that the patients were all recruited from a single center. However, our results are encouraging and will be helpful in future studies designed to verify or extend our findings to improve the prognosis of unresectable HCC treated with TACE.
In summary, our findings suggest that patients with HCC who have higher BMI, normal liver function, lower AFP level, the absence of vascular invasion, smaller tumor size, and solitary tumors may have a better outcome after TACE. In addition, antiviral treatment should be recommended to HBV-related HCC patients as this may contribute to the achievement of 3-year survival. However, these factors, excluding vascular invasion, may no longer play a role in the survival time if an add-on resection or ablation is performed after TACE. Our findings strongly favor an add-on resection or ablation in cases where the patient is deemed eligible.
